Speech movements of the lower pharyngeal wall were recorded in two subjects using pulsed-echo ultrasound. The focus of the study was the pattern of coarticulation of pharyngeal wall movements. Using nonsense utterances as test material, both anticipatory and carryover coarticulatory effects were observed. 
INTRODUCTION
Several studies have suggested that the 'lower pharynx in the vicinity of the epiglottis may play a role in the production of constriction for back vowels (Perkell, 1969 ;.Perkell and Nelson, 1982; Stevens, 1972; Wood, 1979) . In the present study we have examined the coarticulatory patterns of the lower pharynx using pulsed-echo ultrasound. The work complements our earlier ultrasound studies of coarticulatory patterns of the tongue dorsum ) and upper pharynx (Parush and Ostry, 1986 ). The aim was to assess similarities in the patterns of coarticulation in the three articulators. The strategy in each study has been to manipulate the identity of the initial or final vowel in a VCV sequence and examine the spatial and temporal effects on movements toward the other vowel. This procedure provides measures of anticipatory and carryover coarticulation for the three articulators which can be compared directly.
There is a general narrowing of the lower pharynx for low back vowels such as/c•/that is achieved by lowering 
I. METHODS
Lateral pharyngeal wall movements at the level of the angle of the mandible were examined during the production of VCV sequences that were composed of back vowels and velar and labial intervocalic stop-consonants. The amplitude and duration of the pharyngeal movement from the initial vowel to the consonant (the VC gesture) were examined as a function of the final vowel (anticipatory coar-ticulation). Similarly, the movement from the consonant to the final vowel (the CV gesture) was examined as a function of the initial vowel (carryover coarticulation). Pharyngeal movement onsets times were also examined relative to specific acoustic events. Thus, the general strategy was to seek evidence of coarticulation by manipulating one of the vowels in the VCV sequence and examining the effect on a number of kinematic and acoustical parameters of the other vowel which reflect eoarticulation. These particular utterances and measurements were chosen because they result in the largest amplitude movements of this articulator and enable direct comparison with our earlier ultrasound studies of tongue dorsum and velar coarticulation Parush and Ostry, 1986 ).
II. SPEECH SAMPLE AND SUBJECTS
The speech sample consisted of 8 different VCV types. This inventory was made up of the back vowels/o/and /u/and the stop-consonants/k/and/p/. Each VCV was preceded by the sound /op/ and followed by /p•/ (e.g., /apokopa/). Subjects were instructed to stress both vowels equally. (The stress task was performed according to instruction.) Ten tokens of each utterance type were recorded.
The experiment was divided into several blocks, with transducer placement unchanged within a block. Speech trials of approximately 3.5 s each were recorded. In each trial, subjects repeated a given VCV sequence two or three times. The order of the various VCV types was randomized within each block and was also randomized across subjects. Two male adults with normal speech served as subjects. Both subjects, PK and BW, were native Canadian English speakers. The timing of acoustical events was measured using an interactive graphical display program. For scoring purposes, consonant implosion was defined as the end of the periodic sound pressure signal.
The amplitude, duration, and onset of the pharyngeal gesture between the consonant and the final vowel are also shown in Fig. 3 . D2, the CV amplitude, was calculated as the absolute value of the distance between the zero-velocity position during the consonant production and the zerovelocity position for the final vowel. T2, the CV duration was calculated as the time interval between these two zerovelocity positions. In addition, the onset of the final CV gesture was examined relative to the implosion of the intervocalic consonant, shown in Fig. 3 ture. The carryover effects were spatial for both subjects; only one subject (BW) showed temporal carryover effects. Vowel related movements of the lower pharyngeal walls were observed in the present study. The magnitude of the lower pharyngeal constriction depends on the identity of the back vowel. The pharynx is more constricted for low vowels and less constricted for high vowels (e.g., Perkell, 1969; Kent and Moll, 1969; Wood, 1979 .g., Johansson et al., 1984) .
